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femur. Fractional lipid signal from the whole proximal femoral
region was lower in the OA group than the control group (74.0
± 3.0% vs 76.9 ± 3.7%, P <0.05). When analysed by region,
the head and neck regions had signiﬁcantly (P <0.05) smaller
fractional fat content in the OA group than the control group. No
difference was found between sides scheduled for surgery and
the contralateral side in the OA patients. Fractional lipid signal in
the muscles was higher in OA; gemelli 6.4% vs 3.2% (P<0.001)
and adductor magnus 10.7% vs. 7.6% (P<0.01).
Conclusions: We found an apparent reduction in the lipid:water
ratio in the proximal femur in both the affected and unaffected
sides in patients with OA. Together with laboratory evidence of
increased lipid content (v/v), this suggests there is also increased
water content. How this ﬁts in the reduced marrow space left by
the increased cancellous bone volume is not clear. Fat was
widely distributed throughout the muscles in OA patients, making
identiﬁcation difﬁcult, and average fractions were higher. These
observations support the theory that OA is not just a cartilage
disease but effects can also be seen in bone and muscle.
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Purpose: To directly evaluate the correlation between the sever-
ity of loss of proteoglycans to the T1rho relaxation time of human
osteoarthritic cartilage samples obtained from total joint replace-
ment surgery.
Methods: The tibial plateau and femoral condyle cartilage of
seven osteoarthritic knees (from six patients, 2 males and 4
females) were obtained during Total Knee Replacement surgery.
Immediately after surgery, the obtained cartilage pieces were
scanned on a GE 3T MRI scanner using a quadrature wrist coil.
The cartilage pieces were immersed in phosphate-buffered saline
and scanned in a geometrically similar position to the physiologic
positioning of the knee in in vivo imaging. The sagittal 3D
T1rho-weighted imaging sequence was composed of two parts:
magnetization preparation based on spin-lock techniques as
previously developed for the imparting of T1rho contrast, and an
elliptical-centered segmented 3D SPGR acquisition immediately
after T1rho preparation during transient signal evolution. The
imaging parameters were: TR/TE = 9.3/3.7 msec; Field of View
= 6-8 cm, matrix = 256 x 192, slice thickness = 2 mm, Band
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Width = 31.25 kHz, VPS = 48, Trec = 1.5 s, Time of Spin Lock =
0, 10, 40, 80 ms, Frequency of Spin Lock = 500 Hz.
After imaging, a 50 mg sample of cartilage was obtained by
punch biopsy (Sklar Truepunch, Sklar Instruments, West Chester,
PA, USA). The biopsy punches were taken at standardized lo-
cations on each condyle or tibial plateau. The sample tissues
were digested in papain and used for biochemical analyses. Pro-
teoglycan content was measured using a commercially available
1,9 dimethylmethylene blue (DMMB) based assay. The T1rho
values corresponding to the punch location were acquired using
software developed in-house. Strength of correlation of T1rho
relaxation times to the proteoglycan content was assessed using
the Spearman correlation coefﬁcient (r).
Results: A signiﬁcant inverse correlation between the amount of
proteoglycans in the cartilage and the T1rho values was found (r
= -0.587, P = 0.03, Figure 1).
The mean %PG in the examined biopsy punches was 3.62%
wet weight (min = 1.91%, max = 7.05%, Standard Deviation =
1.23%). The mean T1rho value for the examined tissues was
66.67 msec (min= 49.8 msec, max = 87.5 msec, Standard
Deviation = 10.17 msec).
Conclusions: The signiﬁcant negative correlation observed be-
tween the proteoglycan measurements and T1rho values sug-
gests that T1rho imaging is capable of reliably detecting changes
in the proteoglycan content of articular cartilage. While other
investigators have either compared the T1rho values of os-
teoarthritic vs. normal cartilage in vivo or examined the effect
of PG loss on T1rho in enzymatically degraded bovine cartilage
specimens ex vivo, the direct comparison of proteoglycan content
and T1rho relaxation times in fresh, human osteoarthritic carti-
lage has never been documented. The ability to non-invasively
detect changes in proteoglycan content of cartilage is clinically
signiﬁcant, since PG depletion is among the earliest steps in
OA etiopathology and takes place far in advance of development
of pain or morphologically observable damage to cartilage. Our
results demonstrate the potential of T1rho imaging to provide
a non-invasive method for early differentiation of diseased from
normal cartilage.
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Purpose: Early degenerative changes in articular cartilage lead-
ing to osteoarthritis are accompanied by proteoglycan (PG) de-
pletion in the cartilage matrix. Sodium MRI has been shown to
correlate with PG concentration, and may be useful in detecting
and tracking early PG depletion. Sodium MRI is challenging due
